ABSTRACT. DNA polymorphism in twelve starains of Eimeria tenella isolated from various places in Japan was examined using 1.1 kb small subunits ribosomal RNA amplified by PCR. Genetic variation was evaluated by random amplification of polymorphic DNA (RAPD) analysis. DNA fingerprint patterns were grouped into two, indicating that at least two DNA polymorphisms exist in Japanese E. tenella strains. -KEY WORDS: DNA polymorphism, Eimeria tenella, RAPD.
template DNA and 1 µM each of two 17-base oligonucleotides primer #989 (5' -AGT TTC TGA CCT ATC AG-3') and #990 (5' -TTG CCT TAA ACT TCC TT-3'). The sequences of the oligonucleotides used as primers were designed originally for amplification of theilerial srRNA genes [1] , but these sequences were completely conserved among other members of the Apicomplexa, e.g., Sarcocystis muris and Plasmodium berghei [4] . The amplification program (DNA thermal Cycler 480; PerkinElmer) included 30 cycles consisting of denaturation at 94°C for 1 min, annealing at 58°C for 2 min, and extension at 72°C for 3 min. After the last cycle, the products were maintained at 4°C followed by 72°C for 7 min. A 5-µl aliquot of the PCR product was electrophoresed in 2.0 % agarose gel with TAE (40 mM Tris-acetate, 1 mM EDTA, pH 8.0) buffer for 30 min, stained with ethidium bromide and the fragments were visualized with UV light to identify the 1.1 kb srRNA gene fragment. The remaining PCR product was purified with a spin column (SUPREC TM -O2, TAKARA, Kyoto, Japan). The second amplification using arbitrary primers was conducted in a 20 µl solution containing the same PCR reaction buffer described above. One-twenties of the collected srRNA PCR product was used as template for RAPD with 12 base oligonucleotide primer B74 (5' -TGC CCA CTA CGG-3', Common primer, BEX Corporation, Tokyo, Japan). The amplification program The protozoan coccidial parasite Eimeria tenella is the most important causative agent of chicken coccidiosis in many parts of the world. Prior studies using isoenzyme analysis [10, 13] have shown that E. tenella strains from UK and Japan are clearly divided into two groups. In addition, DNA sequence polymorphism of Eimeria spp has been shown among field isolates and standard laboratory strains [11, 12] .
The sequence of small subunit ribosomal RNA(srRNA) gene is composed of conserved and variable regions and these sequences have been utilized to differentiate species or strains of parasitic protozoa [5, 6] . Here we describe sequence variation in srRNA among twelve E. tenella strains isolated in Japan. DNA polymorphism was evaluated using two-step PCR in combination with 1.1 kb srRNA gene and random amplification of polymorphic DNA (RAPD) analysis.
One reference laboratory strain of E. tenella was passaged in our institute. Eleven isolates of E. tenella were obtained from various poultry farms in Japan. The isolates were purified by inoculation of PDL-1 SPF chickens [15] with a single oocyst, and were subsequently identified based on the characteristic for 9 species of chicken coccidia described by McDougald and Reid [9] . The strains of E. tenella used in the present study are listed in Table 1 . Each strain was maintained in a non-contaminated state using the SPF chickens. Preparation of oocyst from each strain and isolation of genomic DNA from sporulated oocyst were carried out as described previously [15] . After parasites were homogenized under liquid nitrogen, genomic DNA was extracted in lysis buffer (10 mM Tris-HCl, 100 mM NaCl, 1 mM EDTA, 1% sodium dodecyl sulfate and 100 µg/ml of proteinase K), and then purified with phenol chloroform and ethanol precipitation method. The first amplification reaction to amplify the 1.1 kb srRNA gene was performed in a 100 µl solution using GeneAmp(r) kit with Amplitaq ® DNA polymerase (Perkin-Elmer, Branchburg, NJ) as described previously [15] . The PCR solution contained 1 × PCR amplification buffer (10 × buffer containing 500 mM KCl, 100 mM Tris-HCl [pH 8.13], 15 mM MgCl 2 and 0.1% [wt/vol] gelatin) and 200 µM each of deoxynucleoside triphosphate, 2.5 U of Amplitaq ® DNA polymerase, 5 ng included 35 cycles consisting of denaturation at 94°C for 1 min, annealing at 38°C for 1 min, and extension at 72°C for 2 min. The products obtained after the last cycle were maintained at 4°C followed by 72°C for 7 min. A 10-µl aliquot of the PCR product was analyzed by the methods described above.
The first PCR generated a single fragment of 1.1 kb (Panel A in Fig. 1 ). This result is showed that primers #989 and #990 worked for the target gene in all strains used in the present study.
RAPD analysis is an effective approach for obtaining genetic markers without previous sequence data about a particular target organism [16] . The fingerprint patterns obtained with this enable the differentiation of species or strain in several parasitic protozoa [5, 8, 11] . Panel B shows the patterns of amplified fragments with the use of the arbitrary primer for the 12 strains. Two major fragments were commonly observed in all strains, but the 910 bp fragment was recognized only in ETI-88-04 and Kumagaya strains. We simultaneously examined fingerprint pattern obtained from seven chicken Eimeria (E. acervulina, E. brunetti, E. maxima, E. mitis, E. necatrix, E. praecox, and E. hagani) as a precaution to eliminate a possibility of contamination of other species. No DNA fragment of 910 bp was recognized in any of the species. We used the other 9 arbitrary primers [15] for RAPD analysis in the present study. A fully discernible pattern was not obtained from the fingerprints.
Small subunit ribosomal RNA gene characterizes the genus and species by a high degree of variation in sequence and in length [14] . It has been demonstrated that the coccidian protozoan family has a sequence variation of srRNA gene among the established strains [6, 7] . The extra band seen in the present study is suggestive of the existence of a few different sequence in the 1.1kb srRNA gene from different strains of Japanese E. tenella.
The present data indicate that at least two genetic variations of E. tenella strains exist in Japan. Prior report showed that E. tenella strains isolated from Japan might be divided into two groups at level of zymograph analysis [10] . Virulent and non-virulent strains of intestinal protozoa Entamoeba histolytica were clearly distinguished based on DNA polymorphism of srRNA gene [13] . We are currently analyzing the biological characterization and pathogenicity of the two different groups of E. tenella.
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